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Abstract 
During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 
The effect of inclusions on the VHCF properties of a metastable austenitic stainless steel in the predeformed condition was 
studied. The material contains an inhomogeneous distribution of oxide inclusions with an elongated geometry in the rolling 
direction. Samples were monotonically predeformed at -80°C start temperature at a strain rate of 0.1 %/s resulting in a martensite 
content of about 60 vol-% and subsequently fatigued by mea s of high frequency testing machin s. On the one ha d the high 
martensite cont nt results in an increase of the HCF strength, on the other hand f tigue failure ccurs ven b yond 107 loadi g 
cycl s. The higher notch sensitivity of the martensite phase leads to i ernal crack initiation from inclusions acc mpanied by the 
formation of a fine granular area (FGA). A direct correlation between the size of the FGA- nd the number of cycles to failure c n 
be shown. In order to find the optimal artensite content for both HCF and VHCF regime, the notch sensitivity of the material in 
different predeformed conditions was investigated. The results show a significantly higher notch sensitivity for 30 vol% α’ 
martensite, whereas higher martensite contents do not show any further significant increase. Since mechanical components are in 
practice subjected to complex cyclic loading situations, samples were extracted and tested both parallel and transversal to the 
rolling direction, in order to reproduce the relation between rolling and loading direction. The change in testing direction 
perpendicular to the rolling direction results in a larger projection area of the inclusions and reduces the number of cycles to 
failure due to the increased stress intensity factor. In this case, the area of the inclusions (but not of the FGA) correlates with the 
number of cycles to failure. These findings are discussed on the basis of a detailed microstructural characterization of the 
material focusing on the effect of martensite content, the inclusion morphology with respect to the rolling direction and the load 
axis applied. 
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1. Introduction 
Nomenclature 
ΔK stress intensity factor range 
ΔKth threshold of the stress intensity factor range 
FGAarea  square root of the area of the ‘fine granular area’ areaproj the projection area of inclusion measured perpendicular to the applied load 
q notch sensitivity factor 
Kt stress concentration factor  
Kf ratio of fatigue limit of smooth specimens to that of notched specimens 
Metastable austenitic stainless steels are widespread for the use in sheet metal forming industry. Plastic 
deformation during forming can lead to a deformation-induced transformation from the fcc austenite to bcc α’ 
martensite (Maier et al. 1993). The amount of phase transformation depends amongst others on the deformation 
temperature and is responsible for the pronounced hardening effect during monotonic deformation. Moreover, some 
authors have found that a martensitic transformation prior to fatigue testing is beneficial for the LCF (Maier et al. 
1993) and HCF (Myeon et al. 1997) properties of the material. This study focuses on the very high cycle fatigue 
(VHCF) strength and the corresponding damage mechanisms of predeformed austenitic stainless steel. 
Over the last decade it was shown for a remarkable number of metals that failure occurs even beyond the 
classical fatigue limit of 2∙106-107 cycles. The phase of crack initiation gains importance at larger number of cycles 
to failure and various reports in literature propose that inhomogeneously distributed and very localized cyclic plastic 
deformation and a succeeding crack initiation are the dominant life controlling mechanisms (Lukas et al. 2002). 
Depending on the material studied, the localized plastic deformation can lead to surface as well as subsurface crack 
initiation, mostly occurring at slip markings or at pores or inclusions, respectively. In order to distinguish between 
the different damage mechanisms, Mughrabi (2002) suggested the classification of metals for the VHCF range into 
type I materials showing surface crack initiation, typically single phase ductile metals, and type II materials with 
inner defects such as inclusions, pores etc. preferentially showing internal crack initiation.  
Because of their high ductility, metastable austenitic stainless steels can be associated with the category of type I 
materials regarding the VHCF-behavior. However, due to its pronounced strain hardening behavior the material can 
reach high flow stresses at higher amounts of deformation induced α’ martensite. Moreover, it can contain different 
types of inclusions. These properties classify the metastable austenitic stainless steels for the type II category.  
Müller-Bollenhagen et al. (2010) showed that at high martensite contents this material can fail at very high 
number of cycles due to crack initiation at internal inclusions. This confirms the type II VHCF-character of the 
material. 
In the present study the dominating fatigue damage mechanisms are discussed with regard to the amount of 
martensite obtained through predeformation.  
Since mechanical components are subjected to complex loading situations, the focus of the study presented lies 
on the effect of the orientation of the inclusions with respect to the direction of the applied stress and the fatigue 
behavior of this material. 
2. Experimental setup  
The material used for this study is the metastable austenitic stainless steel AISI304L. Metal sheets with 2 mm 
thickness were recrystallized after cold rolling so that any likely texture effects were reduced to a minimum. Fig. 1 
schematically shows the main denomination conventions used in this paper. ND, TD and RD refer to normal, 
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transversal and rolling direction, respectively. The investigated material contains an inhomogeneous distribution of 
elongated oxide inclusions with their longitudinal shapes oriented parallel to the rolling direction. Consequently, a 
change of the load axis from RD to TD results in an increase of the projected area (areaproj) of the inclusions along 
the applied load direction as depicted in Fig 1. 
The amount of α’ martensite was adjusted by a predeformation. Specimens were cut parallel to the rolling 
direction (RD-samples) as well as perpendicular to the rolling direction (TD-samples) and then monotonically 
deformed up to a true plastic strain of εpl=0.15 at starting temperatures of -40°C and -90°C resulting in α’ martensite 
contents of 30 vol-% and 60 vol-%, respectively. Subsequently, fatigue specimens were machined and then 
mechanically and electro-chemically polished. For the investigation of the notch sensitivity, sharp U-shaped notches 
were introduced at the edge of flat specimens by means of spark erosion. For a notch radius of 250 µm the notch 
factor determined by means of FEM calculations was Kt=3.2. 
 Fig. 1.  Schematic representation of the orientation of fatigue samples and distribution of elongated inclusions with respect to the rolling and to 
the transversal direction of the metal sheet  
For the fatigue tests a resonance pulsating test system operating at ~90 Hz and an ultrasonic test system (BOKU, 
Vienna) working at a frequency of ~20 kHz were used. The fractographic investigations and the characterization of 
the microstructure of the fatigue samples were carried out using a scanning electron microscope (FEI, Helios).  
3. Results and discussion  
3.1. Fatigue results 
The fatigue results are depicted in figure 2a. The relationship between the martensite volume fraction and the 
fatigue properties of the metastable austenitic stainless steel was investigated using samples prepared from the as-
received fully austenitic condition and the two predeformed conditions (30 vol-% and 60 vol-% of α’) in the rolling 
direction (RD-samples, empty symbols). 
 
 
Fig. 2. (a) SN-curves; (b) Fracture surface TD-sample (a=490 MPa); (c) Fracture surface RD-sample (a=485 MPa) 
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Fig. 2. (a) SN-curves; (b) Fracture surface TD-sample (a=490 MPa); (c) Fracture surface RD-sample (a=485 MPa) 
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In the fully austenitic condition the material exhibits a true durability at 260 MPa in the HCF and VHCF region. 
In the predeformed condition the material shows a steady increase of cyclic strength in the HCF regime with 
increasing volume fraction of α’ martensite at 30 vol-% and 60 vol-%. In the VHCF region quite a different picture 
emerges. For the specimens containing 30 vol-% martensite there is a constant fatigue limit in the VHCF regime 
which is equal to the cyclic strength in the HCF regime. For a volume fraction of 60% failure occurs up to 109 
cycles and the fatigue limit decreases in the VHCF regime resulting in a two-step S-N-curve. In this regime, all 
cracks initiated at internal inclusions. The fracture surfaces show the typical “fish-eye” appearance observed for type 
II materials (Fig. 2b and 2c). This change in fatigue behavior can be explained by comparing the microstructures at 
30 vol-% and 60 vol-% martensite (Fig. 3). For the lower volume fraction the martensite is allocated as single 
needles that are only about to start forming a coherent network. These needles are smaller than the typical 
dimensions of the inclusions, which remain surrounded by a predominantly austenitic phase. The localized cyclic 
hardening impede in this case the crack initiation at the inclusions. At 60 vol-% martensite the microstructure is 
dominated by coherent clusters of α’ martensite. This condition promotes internal crack initiation and the likely 
underlying mechanisms will be discussed in the next chapter.  
 
 
Fig. 3. Phase distribution in the predeformed samples containing 30 vol-% (a) and 60 vol-% (b) ’ martensite phase 
 Li (2012) reported that the fatigue life of high strength steels containing non-metallic inclusions is 
predominantly determined by the position and the size (areaproj - the projection area of inclusion measured 
perpendicular to the applied load) of the inclusions. Due to the difference in size and shape of the inhomogeneously 
distributed inclusions with respect to the RD and TD direction, the material analysed in this study offers the 
possibility to systematically investigate these effects on the fatigue life in the VHCF regime. In order to further 
deepen the understanding of this aspect, additional tensile specimens were taken perpendicular to the rolling 
direction (TD-samples, full symbols) and then prepared and tested in the same conditions (with 60 vol-% α’ 
martensite) as the specimens predeformed in the rolling direction (RD-samples, empty symbols). The results of the 
fatigue tests are depicted also in figure 2. As expected, the change in the loading direction from RD to TD leads to a 
decrease of the fatigue life in the VHCF regime which is attributed to the larger areaproj of the crack initiating 
inclusions. A detailed investigation on the damage mechanisms and the correlation between fatigue life and 
inclusion geometry is presented in the subsequent chapter.  
3.2. Damage mechanisms in the VHCF regime 
The VHCF failure of AISI 304L with a high amount of α’ martensite (e.g. 60 vol-%) is characterised by internal 
crack initiation at non-metallic inclusions for both RD- and TD-samples. The fractographic investigations for all the 
samples that failed beyond 107 cycles show typical “fish-eye” morphology. The crack initiating inclusions are 
surrounded by a fine granular area (FGA), which is characteristic for the VHCF failure of martensitic steels (Sakai 
2009). Using the fracture-mechanically based concept proposed by Murakami (2002) the cyclic stress intensity 
factor of the FGA can be assessed by 
FGAFGA areaK  5.0    (1) 
For the RD-specimens which failed in the VHCF regime an average ΔKFGA value of 4 MPa√m was calculated. 
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This stands in good agreement with the threshold value for fatigue crack growth of the martensitic phase ΔKth = 5 
MPa√m as measured by Bowe et al. (1988). Hence, under the assumption of the applicability of the ΔK concept to 
the given VHCF mechanism, one can regard the FGA formation as the crack initiation stage. After the FGA reaches 
a critical value (dependent on the local stress amplitude) stage two fatigue crack growth can be assumed, developing 
a smooth fracture surface due to the neglectable microstructural influence, which together with the FGA gives the 
typical “fish-eye” appearance.  
The microstructure surrounding the inclusions was investigated on the basis of cross-sections prepared  
perpendicular to the crack initiating inclusions and subsequent SEM analysis using the EBSD-method. The results 
are presented in Fig. 4 and Fig. 5. 
 
 
Fig. 4. (a) Fracture surface RD-sample with 60 vol-% α’ martensite; (b) Cross-section inclusion; (c) Phase-map around inclusion 
 
Fig. 5. (a) Fracture surface TD-sample with 60 vol-% α’ martensite;; (b) Cross-section inclusion; (c) Phase-map around inclusion 
One can observe that elongated inclusions are responsible for the crack initiation in both RD and TD-samples. 
For the RD-sample the FGA was not formed as expected in the largest section of the inclusion (Fig. 4b). In this case, 
the FGA started at a site where the surrounding microstructure is almost fully martensitic (Fig. 4c). This appears to 
be a condition for the formation of FGA when the elliptical inclusions have the long axis parallel to the loading 
direction. The high volume fractions of α’ martensite and the distribution in coherent large clusters increases the 
probability that some planes of the inclusions are completely surrounded by the α’ martensite phase. The higher 
strength and brittleness of the martensite phase become predominant at higher martensitic contents and allows for 
FGA formation also at very low stress intensity factor ranges (1.42 MPa√m see Fig. 7a). The TD-samples are 
characterized by a large projected area of the elongated inclusion on the crack surface. The starting ΔKincl is thus 
generally larger than in the aforementioned RD-samples. In this case the prerequisite of a completely martensitic 
surrounding matrix in the plane of FGA formation is less likely to be fulfilled. Nevertheless, the formation of an 
FGA around the inclusions can be observed for this condition, too. It can be assumed that, although the critical cross 
section of the inclusion was probably not fully surrounded by martensite, the high stress concentration caused by the 
inclusion may have induced a phase transformation in the already highly strained and hardened austenitic phase of 
the microstructure attaining the necessary constraint for FGA formation. Microcracks can also be initiated due to the 
high notch sensitivity of the duplex microstructure. Fig. 5a shows such a microcrack observed beneath the crack-
surface of the sample with microstructure-controlled propagation in the austenitic phase. In this context the notch 
sensitivity of the duplex microstructure austenite + martensite gains importance and will be discussed in the next 
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perpendicular to the crack initiating inclusions and subsequent SEM analysis using the EBSD-method. The results 
are presented in Fig. 4 and Fig. 5. 
 
 
Fig. 4. (a) Fracture surface RD-sample with 60 vol-% α’ martensite; (b) Cross-section inclusion; (c) Phase-map around inclusion 
 
Fig. 5. (a) Fracture surface TD-sample with 60 vol-% α’ martensite;; (b) Cross-section inclusion; (c) Phase-map around inclusion 
One can observe that elongated inclusions are responsible for the crack initiation in both RD and TD-samples. 
For the RD-sample the FGA was not formed as expected in the largest section of the inclusion (Fig. 4b). In this case, 
the FGA started at a site where the surrounding microstructure is almost fully martensitic (Fig. 4c). This appears to 
be a condition for the formation of FGA when the elliptical inclusions have the long axis parallel to the loading 
direction. The high volume fractions of α’ martensite and the distribution in coherent large clusters increases the 
probability that some planes of the inclusions are completely surrounded by the α’ martensite phase. The higher 
strength and brittleness of the martensite phase become predominant at higher martensitic contents and allows for 
FGA formation also at very low stress intensity factor ranges (1.42 MPa√m see Fig. 7a). The TD-samples are 
characterized by a large projected area of the elongated inclusion on the crack surface. The starting ΔKincl is thus 
generally larger than in the aforementioned RD-samples. In this case the prerequisite of a completely martensitic 
surrounding matrix in the plane of FGA formation is less likely to be fulfilled. Nevertheless, the formation of an 
FGA around the inclusions can be observed for this condition, too. It can be assumed that, although the critical cross 
section of the inclusion was probably not fully surrounded by martensite, the high stress concentration caused by the 
inclusion may have induced a phase transformation in the already highly strained and hardened austenitic phase of 
the microstructure attaining the necessary constraint for FGA formation. Microcracks can also be initiated due to the 
high notch sensitivity of the duplex microstructure. Fig. 5a shows such a microcrack observed beneath the crack-
surface of the sample with microstructure-controlled propagation in the austenitic phase. In this context the notch 
sensitivity of the duplex microstructure austenite + martensite gains importance and will be discussed in the next 
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chapter. The micrographs in figure 5b and 5c indicate also a tendency towards fine grain formation in the vicinity of 
the inclusions. Sakai (2009) proposed the polygonization of very fine subgrains as a pre-stage of FGA formation 
which stands in good agreement with the aforementioned observation. However, the limited resolution of the SEM-
EBSD technique used in the presented study does not allow an unequivocal statement about the suitability of this 
theory in case of FGA formation for metastable austenitic stainless steels. Murakami et al. (1999) explain the FGA 
growth as a consequence of higher hydrogen concentrations in the martensitic phase around the inclusion which 
increases the mobility of dislocations. Moreover, Murakami and Matsunaga (2006) found accelerated crack 
propagation in the martensitic phase at the crack tip of hydrogen-charged specimens of a metastable austenitic steel. 
Hence, the hydrogen-assisted FGA formation appears plausible in the case of predeformed metastable austenitic 
stainless steels tested in the VHCF regime. Grad et al. (2012) showed by means of FIB-prepared TEM-foils that the 
grain refinement in the vicinity of the inclusions leads to a local decrease of the ΔKth as can be observed for fine 
grained materials. It was shown that this process takes the largest fraction of the total life of the samples. For the RD 
samples investigated in this study an increase in the area of the FGA with the number of cycles to failure was 
observed (Fig 6a). These results are consistent with the observations made by Sakai (2009) and demonstrate that the 
number of cycles to failure strongly correlates with the mechanism of FGA formation. This relationship could not be 
confirmed for the TD-samples. In this case the projected area of the inclusion relative to the area of FGA is larger 
and variations in the dimension of the inclusions have a decisive influence on the fatigue life of the specimens. 
 
 
Fig. 6. Correlation between √area of FGA and number of loading cycles for: (a) RD-samples; (b) TD-samples  
Sakai (2009) analysed the mechanisms of internal crack initiation from the view point of fracture mechanics 
using the concept proposed by Murakami (2002) and correlated ΔKincl with the number of cycles to failure. Using 
the same fracture-mechanics concept, the stress intensity factor range was calculated for the RD- and TD-samples in 
this study and plotted against the number of cycles to failure. The results depicted in figure 7b confirm the clear 
correlation between ΔKincl and fatigue life and demonstrate the importance of the dimensions of large inclusions 
(TD-samples) as a controlling factor of the fatigue life.  
 
 
Fig. 7. Correlation between stress intensity factor at inclusions and number of loading cycles for: (a) RD-samples; (b) TD-samples 
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The RD-samples are characterized be smaller ΔKincl (due to smaller projarea) and in this case the FGA has to grow 
first at smaller rates. This process depends strongly on the surrounding microstructure as mentioned before and 
results in very inhomogeneous FGA growth rates explaining the randomly distributed points in figure 7a.  
Obviously the notch sensitivity of the microstructure surrounding the inclusions plays an important role for the 
fatigue behavior of the material. In this respect samples with smooth and notched surfaces in the same 
predeformation conditions were tested in order to determine the influence of the α’ martensite volume fraction on 
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where Kf represents the ratio of fatigue limit of smooth specimens to that of notched specimens and Kt is the stress 
concentration factor. The results of the fatigue tests are depicted in Fig. 8a. For predeformed smooth specimens 
containing 60 vol-% α’ martensite, the fatigue limit is defined as the stress amplitude at which the sample reaches 
2·107 without failure initiated at the surface. All the specimens which failed in the VHCF regime are plotted as run-
outs in the Fig.8a. The calculated notch sensitivity was plotted against the martensitic content in Fig. 8b. 
 
 
Fig. 8. (a) Fatigue results for smooth and notched specimens; (b) calculated notch sensitivity in relation to the martensitic content 
 
The results show a strong increase in the notch sensitivity at 30 vol-% α’ martensite, whereas higher martensite 
contents do not result in further significant increase of the notch sensitivity of the material. This behavior can be 
explained by the strong hardening effect of the formation of a coherent martensitic network in the microstructure 
observed in figure 3a. Although these results cannot be interpreted in direct relation with crack initiation at small 
internal inclusions, they represent a plausible indicator of a negative effect of high martensite contents on the fatigue 
behavior of the material. Thus the martensite volume fraction obtained during cold working processes should remain 
beneath 30% in order to keep the notch sensitivity low and avoid fatigue failure at very high number of cycles.  
4. Conclusions 
The fatigue behavior of the metastable austenitic stainless steel AISI304L was investigated and the following 
conclusions can be drawn: 
 During the predeformation a coherent network of martensitic needles starts to form at 30 vol-% α’ 
martensite. 
 For volume fractions ≤ 30 % α’ martensite, the material exhibits a true durability without failure in the 
VHCF regime. This behavior is explained by the local cyclic hardening of the soft austenitic phase 
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which stands in good agreement with the aforementioned observation. However, the limited resolution of the SEM-
EBSD technique used in the presented study does not allow an unequivocal statement about the suitability of this 
theory in case of FGA formation for metastable austenitic stainless steels. Murakami et al. (1999) explain the FGA 
growth as a consequence of higher hydrogen concentrations in the martensitic phase around the inclusion which 
increases the mobility of dislocations. Moreover, Murakami and Matsunaga (2006) found accelerated crack 
propagation in the martensitic phase at the crack tip of hydrogen-charged specimens of a metastable austenitic steel. 
Hence, the hydrogen-assisted FGA formation appears plausible in the case of predeformed metastable austenitic 
stainless steels tested in the VHCF regime. Grad et al. (2012) showed by means of FIB-prepared TEM-foils that the 
grain refinement in the vicinity of the inclusions leads to a local decrease of the ΔKth as can be observed for fine 
grained materials. It was shown that this process takes the largest fraction of the total life of the samples. For the RD 
samples investigated in this study an increase in the area of the FGA with the number of cycles to failure was 
observed (Fig 6a). These results are consistent with the observations made by Sakai (2009) and demonstrate that the 
number of cycles to failure strongly correlates with the mechanism of FGA formation. This relationship could not be 
confirmed for the TD-samples. In this case the projected area of the inclusion relative to the area of FGA is larger 
and variations in the dimension of the inclusions have a decisive influence on the fatigue life of the specimens. 
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Sakai (2009) analysed the mechanisms of internal crack initiation from the view point of fracture mechanics 
using the concept proposed by Murakami (2002) and correlated ΔKincl with the number of cycles to failure. Using 
the same fracture-mechanics concept, the stress intensity factor range was calculated for the RD- and TD-samples in 
this study and plotted against the number of cycles to failure. The results depicted in figure 7b confirm the clear 
correlation between ΔKincl and fatigue life and demonstrate the importance of the dimensions of large inclusions 
(TD-samples) as a controlling factor of the fatigue life.  
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The RD-samples are characterized be smaller ΔKincl (due to smaller projarea) and in this case the FGA has to grow 
first at smaller rates. This process depends strongly on the surrounding microstructure as mentioned before and 
results in very inhomogeneous FGA growth rates explaining the randomly distributed points in figure 7a.  
Obviously the notch sensitivity of the microstructure surrounding the inclusions plays an important role for the 
fatigue behavior of the material. In this respect samples with smooth and notched surfaces in the same 
predeformation conditions were tested in order to determine the influence of the α’ martensite volume fraction on 
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where Kf represents the ratio of fatigue limit of smooth specimens to that of notched specimens and Kt is the stress 
concentration factor. The results of the fatigue tests are depicted in Fig. 8a. For predeformed smooth specimens 
containing 60 vol-% α’ martensite, the fatigue limit is defined as the stress amplitude at which the sample reaches 
2·107 without failure initiated at the surface. All the specimens which failed in the VHCF regime are plotted as run-
outs in the Fig.8a. The calculated notch sensitivity was plotted against the martensitic content in Fig. 8b. 
 
 
Fig. 8. (a) Fatigue results for smooth and notched specimens; (b) calculated notch sensitivity in relation to the martensitic content 
 
The results show a strong increase in the notch sensitivity at 30 vol-% α’ martensite, whereas higher martensite 
contents do not result in further significant increase of the notch sensitivity of the material. This behavior can be 
explained by the strong hardening effect of the formation of a coherent martensitic network in the microstructure 
observed in figure 3a. Although these results cannot be interpreted in direct relation with crack initiation at small 
internal inclusions, they represent a plausible indicator of a negative effect of high martensite contents on the fatigue 
behavior of the material. Thus the martensite volume fraction obtained during cold working processes should remain 
beneath 30% in order to keep the notch sensitivity low and avoid fatigue failure at very high number of cycles.  
4. Conclusions 
The fatigue behavior of the metastable austenitic stainless steel AISI304L was investigated and the following 
conclusions can be drawn: 
 During the predeformation a coherent network of martensitic needles starts to form at 30 vol-% α’ 
martensite. 
 For volume fractions ≤ 30 % α’ martensite, the material exhibits a true durability without failure in the 
VHCF regime. This behavior is explained by the local cyclic hardening of the soft austenitic phase 
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resulting in a decrease of strain amplitude. 
 At higher amounts of α’ martensite the damage mechanisms change and failure occurs after very high 
number of cycles due to internal crack initiation at inclusions accompanied by the formation of a fine 
granular area. 
 A direct correlation between the FGA-area and the number of cycles to failure could be found for RD-
samples (with small areaproj) whereas no such relationship could be confirmed for the TD-samples (with 
larger areaproj). This confirms the fatigue life controlling role of the crack initiating inclusions if they 
exceed a certain projected area. This statement is supported by the correlation between the stress intensity 
factor at inclusions and the fatigue life, which was confirmed only for the TD-samples. In the case of RD-
samples the lack of correlation is explained by the dependence of the FGA-growth on the surrounding 
microstructure for the small areaproj of the crack initiating inclusions. 
 The notch sensitivity increases at 30 vol-% α’-martensite, whereas higher martensite contents do not show 
any further significant increase. In this respect, a martensite content lower than 30 vol-% is recommended 
for optimized HCF and VHCF properties. 
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